Complexations of polyoligothiophenes films with transition metals, and their use for electrocatalysis of ascorbic acid  by Maouche, N. et al.
Available online at www.sciencedirect.com
Physics Procedia 00 (2008) 000–000
www.elsevier.com/locate/XXX
Proceedings of the JMSM 2008 Conference
Complexations of polyoligothiophenes films with transition metals,
and their use for electrocatalysis of ascorbic acid
N. Maouchea,*, S. Chellib, B. Nessarka, S. Aeiyachb
a Laboratoire d’Electrochimie et Matériaux (LEM), Université de Sétif 19000, Algérie
b Laboratoire Interfaces, Traitements, Organisation et Dynamique des Systèmes, CNRS - Université Paris 7, Denis Diderot, Bâtiment Lavoisier,
15 rue Jean de Baïf, 75205 Paris Cedex 13, France.
Elsevier use only: Received date here; revised date here; accepted date here
Abstract
Chemically modified electrodes prepared by electropolymerization of oligothiophenes such as: 2,2’-bithiophene
(BT), 2,2’-bithiophene-5-carboxylic acid (BTCA) and terthiophene aldehyde (TTCHO) on platinum (Pt) electrodes,
in acetonitrile solution containing 0.1 M tetrabutylammonium perchlorate (TBAP) and 0.01 M of monomer, are
characterized by cyclic volammetry (CV), and X-ray photoelectron spectroscopy (XPS) measurements. By
immersing the prepared modified electrodes in transition metals (Cu2+, Co2+ and Ag+) solutions, the metal ions were
complexed with films. The electrochemical response shows clearly, the presence of oxidation and reduction peaks
corresponding to metallic couple redox. XPS technique reveal that the films complexed with metal ions and
determine the mode of the connection with film’s atoms. The obtained polyoligothiophenes-metal modified
electrodes exhibited good electrocatalytic properties towards ascorbic acid (AA) oxidation after their complexation
with metallic ions. The electrocatalytic response was evaluated by cyclic voltammetry with regard to the film nature,
the metallic ion nature, immersion time, ascorbic acid concentration, and other variables. The results reveal that the
catalytic activity of Ag+ complexed with BTCA thin-film is the best toward AA oxidation and it can be detected a
very low concentration (∼1 μM), of AA in a solution which can be utilized as an efficient electrochemical sensor.
© 2009 Elsevier B.V.
PACS: Type pacs here, separated by semicolons ;
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1. Introduction
Redox polymer-modified electrodes have been widely investigated because of their potential application in
electrocatalysis, sensors, energy conversion and storage, electronic displays and devices [1,2]. Electroactive
polymeric films have acquired wide interest, since there simple generation on the electrode Surface [3]. Moreover,
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the increased number of active sites in the polymer film rendered an enhanced electrochemical process at its surface
than at the monolayer-modified electrode.
The ascorbic acid is one of the most important compounds which has received much attention in recent years [4-
7], it was studied in electrocatalysis using different modified electrodes. It has been shown that the content of AA in
biological fluids can be used to access the amount of oxidation stress in human metabolism and excessive oxidative
stress has been linked to cancer, diabetes and hepatic disease [8]. But, it is known that accurate determination of AA
using conventional electrodes is very difficult because of its high overpotential, poor reproducibility due to fouling
effect caused by the oxidized products of AA, low selectivity and sensitivity [9]. Morever, conducting polymers
(CPs) systems do not have any intrinsic electrocatalytic activity, but they have been used as host matrices for
different chemical species such as metal particles [10], complex ions [11,12], and enzymes [13], through which
these systems acquire catalytic activity. Therefore, several approaches have been used to modify the electrode
surfaces which include ion exchange polymers [14]. But there are few reports of the metal ion complex with CPs,
due to the weak interaction between a legating atom or CPs with metal ions. However, the functional groups, such as
amine, imine, and carboxylic acid can be used as ligands for the metal ion complexation [15,16]. CPs having a
carboxylic acid functional group can coordinate with a metal ion to form the coordination complex. In case of
thiophenes films it exist a strong interaction between the sulfur atom of thiophene ring with metallic ions as silver
(Ag) [17,18] and copper (Cu) [19,20].
In the same meaning, we are interested in this work to prepare modified electrodes using a conducting
oligothiophenes (poly-oligothiophenes) and their transition metal complexes (polyoligothiophenes-M). Hence, the
films were electrosynthesized from the corresponding monomers and complexed with metal ions (Cu2+, Co2+, Ag+)
to get polyoligothiophenes-M. The resultant polyoligothiophene-M modified electrode was characterized using
cyclic voltammetry (CV) and X-ray photoelectron spectroscopy (XPS), and finally, they were utilized for
electrocatalysis of AA. Various experimental parameters, which affect the AA detection, were studied
2. Experimental
Materials
All chemical products and solvents (2,2’-bithiophene (BT), 2,2’-bithiophene-5-carboxylic acid (BTCA) and
terthiophene aldehyde (TTCHO), (Acros organics); CuCl2.2H2O, CoCl2.2H2O, AgNO3 (Aldrich) and acetonitrile
(Prolabo) were analytical grade and were used without further purification.
Measurements
Electrochemical experiments were carried out in a three-electrode cell employing a platinum (Pt) disc 0.03 cm2 in
area, as working electrode, a conventional saturated aqueous potassium chloride-calomel electrode (SCE) as
reference electrode and a steel grid as an auxiliary electrode. The working electrode was polished before each
experiment by cloth polishing with alumina slurry (0.1 m), and rinsed with acetone and ethanol. The supported
electrolyte was 0.1 M tetrabutylammonium perchlorate (TBAP) dissolved in argon-purged acetonitrile.
Measurements were carried out on an EG&G PAR 273 A potentiostat-galvanostat.
XPS spectra were recorded using a Thermo VG ESCALAB 250 system equipped with a micro-focused,
monochromatic Al Kα X-ray source (1486.6 eV) and a magnetic lens which increases the sensitivity of the
apparatus. The specimens were pressed against double-sided adhesive tapes mounted on sample holders, and then
pumped overnight in the fast-entry lock at 5x10-8 mbar before introduction into the analysis chamber. A 650 μm X-
ray beam was used at a power of 10 mAx15 kV. The spectra were acquired in the constant analyser energy mode,
with pass energies of 150 and 40 eV for the survey and the narrow regions, respectively. All samples (powders and
plates) were subjected to charge compensation achieved with an electron flood gun combined with an argon ion gun.
The argon partial pressure was 2x10-
8
mbar in the analysis chamber. Advantage software, version 3.51, was used for
digital data acquisition and processing. The peak binding energy positions were calibrated by setting the C1s peak
maxima to 285.0 eV. The apparent surface compositions were determined by considering the integrated areas of the
core-level peaks and their respective sensitivity factors.
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3. Results and discussion
3.1. Preparation of modified electrodes by polyoligothiophenes
At first, the Polyoligothiophene film was grown on platinum electrodes through electropolymerization, and
then obtained coated electrode was immersed in a solution containing transition metal. Prior to
electropolymerization, platinum electrodes were polished with special cloth with 0.1 m alumina slurry, and rinsed
with acetone and ethanol. The Polyoligothiophene film at the cleaned electrodes was grown through
electropolymerization of corresponding monomer (10-2 M) in a 0.1 M TBAP/CH3CN solution by cycling the
potential from 0 V to 1.6 V for several cycles (example formation of BTCA dimer at Pt electrode fig.1a). The
resultant electrode was washed with acetonitrile for the removal of excess adhered monomer. The
Polyoligothiophene–M complex was made by immersing the electrode in a solution containing 10-2 M of CuCl2,
CoCl2 or AgNO3 during 10 min. After that the Polyoligothiophene–M complex-modified electrode was washed
carefully with distilled water. We note that the film formed from BTCA monomer is very adherent, thin, stable with
coppery color, compared with PBT and PTTCHO films which are very smooth and bulky.
The schematic representation of the preparation of the dimer BTCA–Cu complex on the electrode is shown in
Figure. 1b.
Fig. 1. (a) Consecutive Cyclic voltammograms of BTCA 5x10-3 M in 0.1 M TBAP/CH3CN at Pt. Scan rate = 50 mV s-1, (b) Schematic drawing of
the preparation of dimmer BTCA-Cu complex at the platinum electrode.
4. Characterization of the obtained films
4.1. Electrochemical characterization
The electrochemical analysis of the obtained films was carried out in CH3CN/TBAP (0.1 M) and H2O/LiClO4
(0.1 M) solutions. For BTCA film in CH3CN/TBAP, the curves do not show any oxidation and, or reduction peaks
in the potential range from -300 to 1600 mV, in two analysis mediums, indicating that there is no electroactivity
corresponding to the doping-dedoping of these films (Fig.2Aa, 2Ba). However, after their immersion in a solution
containing Cu2+ during 10 min, the analysis in CH3CN/TBAP, displayed oxidation and reduction peaks at 590 and
340 mV (Fig.2Ab), respectively. In addition, the difference between the oxidation and reduction potentials, Ep=
255 mV, showed that the process is quasi-reversible and the ratio of anodic to cathodic peak currents (Ipc/Ipa = 1)
corresponds to a one-electron process. These results can be attributed to the Cu2+/Cu+ redox couple incorporated
(trapped or complexed) into the BTCA dimer films [21]. In H2O/LiClO4, similar observations to those of the first
case were observed, but the two redox peaks shifted to more negative potentials, at 100 and -100 mV, respectively
(Fig.2Bb). The related CV shows behaviour similar to that observed for CuCl2 in aqueous solution, consisting of
electrochemically irreversible redox peaks Cu2+/Cu+ at potential +100 and −100 mV(Fig. 2Bb). It is interesting to
note that these peaks shift to more negative potentials compared to that obtained in CH3CN and have good
electrochemical stability under repetitive cyclic voltammetry. These results, in aqueous solution, imply that the
BTCA film-Cu2+ has rather good electrochemical stability, is more electroactive and has high porosity, which is
necessary to allow the oxidation-reduction of Cu2+ complexing or trapping with BTCA dimer films.
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Fig.2. (a) Cyclic voltammogram of BTCA film and (b) BTCA film-Cu+2 in:
(A) 0.1 M TBAP/CH3CN, (B) 0.1 M LiClO4/H2O, at 100 mV s-1
A similar study was carried out by immersing BTCA thin-films in an aqueous solution of CoCl2 or AgNO3. The
redox properties of BTCA thin-film-Co2+ or BTCA thin-film-Ag+ in aqueous solution exhibit features similar to
those observed for BTCA thin-film-Cu2+, which confirms the presence of metallic ions in BTCA thin-films [22-24].
The same results are obtained when the films are PBT and P3TCHO and after their immersion in metallic
solution, the corresponding voltammograms show the presence of the oxidation and reduction peak attributed to the
corresponding metal. (Data not shown).
4.2. XPS spectra analysis
To verify and confirm the presence of metal ions in the films, XPS measurements were carried out on the free
BTCA thin-film, BTCA thin-film-Cu2+ and other films, in order to determine the form of copper present in the film
close to the surface.
The survey spectra of BTCA thin-film and after its immersion in a 0.1 M CuCl2 solution for 10 min are shown in
Fig.3. All the expected elements such as C1s, O1s, S2p in the dimer film can be seen (Fig. 3a). Additional peaks can
be detected in BTCA thin-film-Cu2+ at 935.2 and 955.0 eV corresponding to Cu 2p3/2 and 2p1/2 (Fig.3b),
respectively, which indicates that Cu2+ species present in the BTCA-Cu2+ complex-modified surface.
when we compare the binding energy (BE) values of the O1s in BTCA and BTCA film-Cu2+, we found out that
the oxygen BE is shifted about 0.8 eV (from 532.5 to 531.7 eV) due to O-Cu bonding [25], resulting from the
complexation of a –COO- functional group of BTCA with Cu2+.
Fig.3. XPS survey spectra of: (a) dimer BTCA thin-film and (b) dimer BTCA thin-film after immersion in 0.1 M CuCl2 solution for 5 min
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The BE of S2p was observed at 163.9 eV for the free BTCA. After complexation, this peak is slightly shifted to a
higher energy, indicating that sulfur S atoms may involve the complexation. However, the degree of binding energy
shifted was larger in the case of O1s peak than that observed in the S2p peak indicated that the complex formation
between Cu(II) and BTCA dimer occurred through the direct formation of Cu–O bonds. However, for the PBT-Cu,
and PTTCHO-Cu, the most important shift is observed for the S atom and no modification is observed for the O
atom after complexation. This indicates that the complexation is occurred between the S-Cu. The complexation
between sulphur of thiophene and copper ions is discussed in earlier studies, where a series of copper thiophene
polymer complexes were characterized by the electrochemical method. They suggested complexation between the
copper species and sulphur and the oxidation state of copper as Cu(II) [19,26].
The corresponding Binding Energy of the oligothiophenes films and their copper complexes are grouped in the
table.
Table: Data of XPS spectra of oligothiophenes films and their copper complexes (binding energy/BE (eV).
The same results are obtained with the Cobalt and silver, which are detected electrochemically by cyclic
voltammetry and XPS measurements. The presence of metallic ions confirms the complexation of this later with
polyoligothiophenes films. The advantage of polythiophenes is that sulfur atom of polyoligothiophene chain or the
carboxylate group strongly acts by the interaction with metallic ion and form the composite materials which may be
use in several applications
4.3. Electrocatalytic oxidation of ascorbic acid at modified electrodes
Many compounds have been found to be active electron transfer mediators of the electocatalytic oxidation of AA
[4,27,28]. In our case also, the electrocatalytic activity of poly-oligothiophenes films modified by ion metals has
been studied toward ascorbic acid oxidation in a 0.1 M phosphate buffer solution at pH = 7 and thus in the absence
and presence of AA.
Poly-oligothiophenes films were immersed for 10 min in various solutions containing CuCl2, CoCl2 and
AgNO3; then the electrode was removed, rinsed with distilled water and transferred to a freshly prepared ascorbic
acid solution. Cyclic voltammetry was used to examine the electroactvity of film-metal ion complexes deposited on
Pt electrodes.
The cyclic voltammograms of 0.2 M phosphate buffer containing 5 mM of AA at different modified electrodes
show clearly that there is no observed response when the films are not modified by metallic ions (Fig.4A). This
justifies that the polythiophenes films are not active in aqueous medium and do not present any catalytic effect and
effectively blocked the electronic transfer between AA in solution and the underlying platinum electrode surface.
Except a shoulder was shown by the voltammogramm at about 138 mV, which may be due to oxidation of AA, on
the BTCA thin-film. However, when these polymer films are modified by the incorporation of copper for example
(Fig.4B), the irreversible oxidation peak of AA appeared and occurred at 343 mV at PTTCHO-Cu modified Pt
surface (curve Bc), and at 125 mV at BTCA-Cu film (curve Bb), whereas no response was observed at PBT-Cu
electrode (curve Ba).
Element C O S Cu
System C1s O1s S2p Cu2p3/2 Cu2p1/2
BTCA 285 531.3 163.9
BTCA-Cu 285 530.4 164.2 935.4 955.4
PBT 285 532.8 163.9
PBT-Cu 285 532.2 162.5 935.3 955.1
PTTCHO 285 232.3 164.3
PTTCHO-Cu 285 533.2 161.5 935.5 955.2
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Fig.4. Cyclic Voltammograms of 5 mM of AA in 0.2 M phosphate buffer at different films: (A) unmodified: (a) PBT , (b) BTCA, (c)
PTTCHO, (B) modified by copper (a) PBT-Cu , (b) BTCA-Cu, (c) PTTCHO-Cu, at pH 7, v = 50 mV.s-1
In order to have an idea on the effect of immersing time, the electrode modified by PTTCHO-Cu was taken as an
example, to test its electrocatalytic evolution. The latest electrode was immersed in copper solution for 2, 5, 20 min;
the corresponding voltammograms are presented in figure.5.
An increase in the intensity of the AA oxidation peaks with immersion time of the electrode is observed. The
behavior is explained by the quantity of copper complexed or incorporated which, increases also with immersion
time. A catalytic effect is thus well observed, showing that modification of certain polyoligothiophenes by
incorporation of metallic ion can play a catalyst role due to the electroactive surface which becomes more important.
Fig.5. Cyclic voltammograms of 5 mM of AA in 0.2 M phosphate buffer at PTTCHO-Cu modified Pt electrode for different immersion time;
(a) 0, (b) 2, (c) 5, (d) 20 min, at v = 50 mV s-1
The effect of the metallic cation nature is studied by using the Pt/BTCA as the electrocatalytic support of AA. As
shown in figure 6, there is no peak corresponding to the oxidation of AA on a free BTCA film (fig. 6a). However,
irreversible oxidation peaks at ca. 126, 285 and 306 mV were obtained on BTCA thin-film-Cu2+, BTCA thin-film-
Ag+ and BTCA thin-film-Co2+, respectively, corresponding to AA oxidation. These results suggest that the metal ion
plays an intermediate to transport the electron transfer between AA and electrode and indicating that a good
electronic communication was achieved between metallic ion and the underlying Pt electrode through BTA thin-
film.
It should be noted that the oxidation peak current on BTCA thin-film-Ag+ is approximately twice that on BTCA
thin-film-Cu2+and BTCA thin-film-Co2+. This finding reveals that the catalytic activity of Ag+ complexed with BTA
thin-film is the best toward AA oxidation and BTCA thin-film-Ag+ can be detected a very low concentration of AA
in a solution (∼1 μM). In contrast, the oxidation of AA on BTCA thin-film-Cu2+ was shifted to negative potential
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about 200 mV compared to that at BTCA thin-film-Co2+. This result suggests that electron transfer between AA and
BTCA thin-film by the intermediary of Cu2+ is easier than that by Co2+.
Fig.6. Cyclic voltammograms of 5 mM AA in phosphate buffer solution (0.2M PBS, pH = 7) at various modified electrodes surfaces: (a)
BTCA thin-film; (b) BTCA thin-film-Cu2+, (c) BTCA thin-film-Ag+ and (d) BTCA thin-film-Co2+; v = 50 mV s-1
Figure.7 shows the cyclic voltammograms of Pt/BTCA-Ag electrode at various AA concentrations dissolved in
0.2 M phosphate buffer. From the cyclic voltammograms, we can see that electrocatalytic currents increase with
increasing AA concentration and accompanied by a displacement of potential towards more positive values. The
positive shift of oxidation peak potential indicates a kinetic limitation existing in the reaction between Pt/ BTCA-Ag
and AA [29]. The experimental results indicate that electrocatalytic currents increase linearly with AA concentration
in the range from (10-6-10-2 M).
We can say that the catalytic effect is caused by transition metals incorporated or complexed in polythiophenes
films which play an important role in enhancing the catalytic activity of the films.
Fig.7. Cyclic voltammograms corresponding to various concentration of AA, in phosphate buffer solution (0.2 M PBS, pH = 7) at Pt/BTCA-
Ag modified electrode, at v = 50 mV s-1
5. Conclusion
The preparation and characterization of transition metal-oligothiophenes thin films on platinum electrodes are
demonstrated in this work. Electrochemistry can provide the evidence of the presence of surface-bound electroactive
species but cannot provide the exact type of chemical bonding. The XPS measurement is very useful to check the
presence of any chemical bonding at the electrode surface. In this study, XPS spectra clearly showed that the dimer
BTCA–Cu(II) complex was formed through the Cu–O bond formation. Thus, Cu(II) was chemically but not
physically adsorbed on electrode modified surface. However, for the PBT and PTTCHO the complexation occurred
between S atom and the metal.
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The obtained modified electrodes are stable and show electrocatalytic properties for the oxidation of AA, which
may find its promising application as an electrochemical sensor. Furthermore, the method for the fabrication of the
metal oligothiophenes thin-films is simple and can be used for the preparation of other metal and others polymers
thin-films.
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